Activity in distinct brain regions reflects behavioral context versus social motivation in a in which 23 behavioral repertoires are shared across social contexts (Trinidadian guppies, Poecilia reticulata). 24 25 26 Abstract 27
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We followed behavioral protocols previously established in our lab to define and record behaviors 114 (Fischer et al., 2016) . Previous work in our lab demonstrates that guppies perform similar 115 behaviors in aggression and mating contexts and so the same behaviors were scored in both 116 contexts. These included the number and duration of sigmoid displays, the number of forced 117 copulation attempts, the number of gonopodial swings, the number of aggressive contacts (biting, 118 head-butting, body slamming, tail slapping), and the number of posturing incidents (when fish line 119 up nose to nose). 120 121
Tissue collection 122
Whole brains were collected immediately following behavioral trials. Guppies were anesthetized 123 by rapid cooling, followed by decapitation. Whole heads were fixed in 4% paraformaldehyde at 124 4°C overnight and then transferred to 30% sucrose for dehydration. Following dehydration, whole 125 heads were embedded in mounting media (Tissue-Tek® O.C.T. Compound, Electron Microscopy 126 Sciences, Hatfield, PA, USA), rapidly frozen, and stored at -80°C until cryosectioning. Heads were 127 sectioned in the coronal plane at 14µm, thaw mounted serially onto charged slides (Superfrost 128 Plus, VWR, Randor, PA, USA), and stored at -20°C until immunohistochemical staining. 129 130 Immunohistochemistry 131 6 PA, USA) at a concentration of 1:200 in blocking solution for two hours, incubated slides in an 145 avidin-biotin complex (ABC) solution (Vector Laboratories, Burlingame, CA, USA) for two 146 hours, and treated slides with 3,3'-diaminobenzidine (DAB; Vector Laboratories, Burlingame, CA, 147 USA) for five minutes to produce a color reaction. Slides were rinsed in 1X PBS prior to and 148 following all the above steps. Finally, slides were rinsed in water, dehydrated in increasing 149 concentrations of ethanol (50%, 75%, 95%, 100%, 100%), and coverslipped with Permount (Fisher 150 Scientific, Hampton, NH, USA). 151 152
Microscopy and cell counting 153
To reliably quantify neural activity across candidate brain regions, we created a guppy brain atlas 154 (Supplemental Materials). We examined coronal brain sections of multiple male and female 155 guppies stained using cresyl violet to assess morphology. We identified brain regions using 156 neuroanatomical information from other fishes (Anken and Rahmann, 1994; Munchrath and 157 Hofmann, 2010; Wullimann et al., 1996) and have made the atlas freely available online. 158
We photographed brain tissue at 20x magnification on a light microscope (Zeiss AxioZoom, 159
Zeiss, Oberkochen, Germany) attached to a camera (ORCA-ER, Hamamatsu, San Jose, CA, USA) 160 and analyzed cell counts from photographs using FIJI software (Schindelin et al., 2012) . We 161 outlined and measured focal brain regions ( Fig. 1 ) and counted all stained cells within a given 162 region. All regions extended across multiple sections and we quantified cell number for each 163 region in all possible sections. We counted cells in only a single hemisphere per section. 164
165
Statistical Analysis 166
We tested for the influence of social context (aggression versus mating) on behavior using 167 generalized linear mixed models with a negative binomial distribution appropriate for count data 168
with unequal variances. We tested for differences in the number of times each behavior was 169 performed during the 60-minute trial. In addition, we summed the counts of all behaviors into a 170 single total behavioral metric to assess overall behavioral activity. We chose this approach as (1) 171 summing preserves the count nature of the original data, and (2) we have previously shown -and 172 confirmed with exploratory analyses here -that the correlations between behaviors are not 7 We used linear mixed models with a negative binomial distribution to test for differences in 176 neural activation based on social context (aggression versus mating versus isolation). The model 177 included social context and brain region as independent variables and the number of pS6-positive 178 cells in each section as the dependent variable. We included fish identity as a random effect to 179 control for repeated sampling within and among regions. As we expected that only some regions 180 would show activation differences based on social context, we used Tukey-corrected posthoc tests 181 to examine differences in a region-specific manner. 182
Finally, we tested whether activation in some regions predicted individual differences in 183 behavior. To do this, we ran separate models for each brain region, in which the number of pS6-184 positive cells per region, social context, and their interaction predicted the total number of 185 behaviors during the trial. We excluded fish from the isolation treatment for this analysis because 186 we had no behavioral data for these fish. We chose to use our total behavioral metric because (1) 187 we wanted to use a metric that reflected general behavioral motivation, and (2) this approach 188 increased the power of the statistical analysis. All statistical analyses were performed in SAS 9.4 189 (SAS Institute, Cary, NC, USA). 190 191 192
Results

193
Fish performed similar behaviors between aggressive and mating contexts, and we observed no 194 statistically significant differences (p<0.05) in the number of single or overall behaviors performed 195 across mating and aggressive contexts (Table 1) . 196
We assessed differences in neural activation among social contexts (aggression, mating, 197 isolation) by quantifying region-specific pS6 immunoreactivity. Social context influenced neural 198 induction of pS6 in a brain region-specific manner (context*region: F24,1778=3.70, p<0.0001). 199
Posthoc analyses (Table 2) revealed that region-specific differences were significant in the 200 preoptic area (POA; F2,1778=6.47, p=0.0016): Fish in the mating context had higher pS6 activation 201 in the POA compared to fish in the aggression (t=2.79, adj p=0.015) or isolation (t=3.35, adj 202 p=0.0024) context, which did not significantly differ in their extent of neural activation (t=0.53, 203 adj p = 0.8569) ( Fig. 2) . 204
Finally, we tested for both context-dependent and context-independent relationships between 8 p=0.012) and the lateral part of the ventral telencephalon (Vl: F1,14=4.88, p=0.044) were positively 207 associated with behavior in a context-independent manner ( Fig. 3 ). We found no significant 208 context-dependent relationships (Table 3) Despite the lack of behavioral differences between contexts, mating and aggression present 230 distinct challenges and opportunities for males and we therefore expected social context to be 231 encoded at the neural level. Indeed, we observed that neural activation increased in the preoptic 232 area (POA) of males following interactions with female -but not male -conspecifics. The 233 identification of neural activity differences in the POA associated with distinct social contexts is 234 in line with the functionally-conserved role of the POA in regulating social and sexual behavior in 235 fish and other vertebrates. 9 The POA is an evolutionarily ancient brain region that is largely hodologically, molecularly, 237 and functionally conserved across vertebrates. POA activity in general, and in particular arginine the POA has been shown to be necessary for ejaculation in rodents and monkeys (Malsbury, 1971 ; 252 Slimp et al., 1978) . As internal fertilization is rare in fish, guppies provide a unique system in 253 which to more explicitly examine mechanistic convergence of ejaculation behavior in future. Our 254 observations add to the body of work documenting widespread functional conservation of the POA 255 in regulating social behavior across vertebrates and demonstrate a role for differential POA activity 256 across social contexts, even when the behaviors performed across those contexts are shared. 257
In addition to identifying brain regions reflecting social context differences, we asked whether 258 neural activation in some regions predicted behavior, either in a context-dependent or -independent 259 manner. We did not identify any regions with context-dependent associations, but did identify two 260 and that we found group independent associations between neural activity and behavior in these 280 particular regions, we propose that increased neural induction in these regions is associated with 281 increased social behavioral motivation across contexts. 282
Though the majority of functional studies on behavioral motivation come from mammals, 283 substantial work in song birds provides a particularly interesting comparison, as birds perform 284 very similar singing behaviors across social contexts, analogous to the similarities in behavior 285 across contexts we observed in guppies. Moreover, songbirds' motivation to sing is clearly distinct 286 from their ability to sing, as the latter is controlled by a well-defined set of song nuclei in the brain, 287 while the former is controlled largely by the POA, the VTA, and the LS (reviewed in Riters, 2012). 
